INTRODUCTION
21 Cement and concrete are central to modern civilization, with its 22 reliance on the built environment to provide a high quality of 23 life. Next to water, concrete is the most consumed substance on 24 the planet and is produced in volumes exceeding 10 billion tons 25 per year worldwide.
1−3 Ordinary portland cement (OPC)-26 based concrete is still the material of choice and the most 27 widely used in construction and civil engineering, because of 28 the ease of use and generally good performance, including 29 excellent thermal and mechanical properties, besides offering an 30 average life cycle of more than 100 years.
31
However, with the current focus on environmental issues, the 32 cement industry causes serious destruction of natural quarries 33 through the extraction of raw materials. It also contributes ∼8% 34 of global CO 2 emissions 3−5 and consumes more than 10% of A recent study on the evolution of alkali-activated fly ash/slag 133 (1:1 ratio) pastes exposed to sodium and magnesium sulfate 134 environments 63 NaOH activator was minor. The compressive strength of the 181 samples was increased by 4%−12% over the exposure time. In 182 the case of specimens prepared using sodium silicate, the author 183 attributed the loss of strength to ettringite formation (observed 184 in the XRD patterns); however, we believe that the formation 185 probability of this phase in low-calcium systems such as 2.4. Carbonation Resistance. Carbonation is the chemical 570 reaction taking place between the reaction products of a 571 cementitious matrix and the CO 2 in the atmosphere, promoting 572 the formation of carbonates. In OPC concretes, the pH is 573 mainly controlled by the amount of portlandite (Ca(OH) 2 ); 574 however, in the case of GPC and AAMs, the pH of the system 575 is mainly controlled by the pore solution. Thus, the carbonation 576 mechanism in these binders occurs in two stages: first, 577 carbonation of the pore solution, leading to a reduction on 578 pH and precipitation of Na-rich carbonates; then, decal-579 cification of the gel and structure deterioration. 35,98−101 580 The process of carbonation is mainly controlled by reactivity 581 and diffusivity of CO 2 . Diffusivity of CO 2 is more related to the 582 interconnectivity of the pore structure and the carbonation 583 exposure conditions while reactivity of CO 2 is related to its Bernal et al. 118 found that the higher amount of paste in AAS 678 concrete reduced carbonation depth. The authors also reported 679 that activation conditionsmainly, the concentration of the 680 activatorgreatly influenced the carbonation depth.
681
The influence of slag chemistry on the kinetics of reaction 682 and the structural evolution of the solid phases forming AAS 683 binders has been investigated. 119 It was found that increasing 684 the MgO content induced a significant reduction in the f3 685 carbonation rate ( Figure 3 ). This phenomenon has been 686 attributed to the formation of layered double hydroxides with a 687 hydrotalcite-type structure as a secondary reaction product in 688 systems with high content of MgO (>5 wt % 744 and a consequent increase in the total porosity in all examined 745 concrete specimens. The reduction in pH is mainly linked to 746 the carbonation of the pore solution according to the fact that 747 sodium carbonates are identified as the main reaction products 748 produced in carbonated specimens. Greater changes in porosity 749 were observed in the case of high-Ca fly-ash-based concretes. It 750 was also concluded that low-Ca class F fly ashes reduced the 751 risk of corrosion in the steel reinforcement to a greater extent 752 than those containing higher levels of Ca, with regard to the 753 chemistry and physical properties of these materials.
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The carbonation resistance of alkali-activated fly ash, slag, or 755 their blend is mainly influenced by preconditioning of the 756 specimens prior to carbonation testing, carbonation shrinkage 757 induced by decalcification of the binding products, and the 758 chemistry of the pore solution. The standard methodology, 759 which is similar to that which exists for the OPC system, is 760 needed in alkali-activated binders, specifically development of a 761 technique that will imply accelerated carbonation testing. 
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